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Promoting Effect of Aflatoxin B, and D-Galactosamine
on Development of Glutathione 8-Transferase Positive Foci in
Diethylnitrosamine-initiated Rat Liver

Hye Kyung Lee M., andYong Il Kim, M.D.
De partment of Pathology Seou! National University Collese of Medicine

The enhancing potential of aflatoxin B, (AFB,) and D-galactosamine (DG A) on development of
preneoplastic glutathione S-transferase placental form positive (GST-P7) hepatic foci was exam-
ined using an in vivo mid-terrn assay systermn based on two-stage concept of hepatocarci-

Rats were initially given a single dose (200 mg/kg) of diethylnitrosamine (DEN) intraperi-
toneally, and thereafter, with an interval of 2 weeks, AFB, at a graded concentration (0.06, 0.012,
0.0024, 0.00048, and 0.000096 mg/kg i.g.) and DGA (100 mg/kg i.p.) were administered for 6 weeks
and then sacrificed. All rats were subjected to a two-thirds partial hepatectorny to induce a po-
tent growth stimulus to DEN-altered hepatocytes at the week 3. The modifving potential was
scored by comparing the number and the area (mm?) per cm® of GST-P™ foci in the liver with
those of the corresponding control group given DEN alone, AFB, (at a graded concentration be-
tween 9% ng/kg and 60 pg/'kg) exerted a strong promoting effect on induction of GST-P* foci
with both the number and the area. The logarithmic dose of AFB, and the potency to promote
hepatocarcinogenesis were in dose-dependent relationship, DGA, a known necrogenic chemical
to cause periportal necrosis and stimulate hepatocellular proliferation, also revealed the increase
in the area of GST-P~ foci, although its enhancing potential was less profound than that of AFB,.
The results suggest that DG A is also a useful proliferative stimulus to improve the medium-term
detection of unknown carcinogens. (Korean J Pathol 1994; 28: 389~ 398)
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Animals: Sprague-Dawley male rats, G-week-old
. Diethylnitrosamine (DEN), 200 mg/kqg. i.p

&5
L Saliee, 4mlfkg. Lp.
v

: Two-thirds partial hepatectomy

77 - Aflatoxin B, (AFB,)

mmm . D-Galactosamine (DGA)

Fig. 1. Experimental design.
Group 1 ~5. DEN + AFB;;
Grroup 7. DEN alone;

Group 6. DEN +DG A;
Group 8, AFB, alone;

Group 9. DGA alone.

All rats were subjpected to PH at week 3,
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Table 1. Mean final body weight and total administration of Aflatoxin B, or D-galactosamine in each experi-

mental group

Total administration of

Group Treatment(mg/kg) Effective No.of rats Body weight{gm) AFB, or DG A(mg/ke)
1 DEM + AFB, 0.06 9 I85+31 6 1.8
2 DEM + AFB, 0012 0 305+28H 0.36
3 DEN + AFB, 0.0024 5 373+332 0.072
4 DEN + AFB, 0.00048 1 402+ 387 0.01 44
5 DEN + AFB, 0.00009%6 11 390+41 6 0.00284
6 DEN +DGA 100 9 300+355 3000
T DEN 9 401 +270 -
8 SAL+AFB, 0.06 12 JERE346 1.8
9 SAL+-DGA 100 13 390428 3000

Meanx Standard deviation

DEN; Diethylnitrosamine, AFB; Aflatoxin B, DGA; D-galactosamine, SAL; Saline
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Al g2k Fofl alehgh e 5 Apele FEH A
Agae] =hatn ol 2HE g fE2F YT S
olgich #A HE AF 94 AP el Fofdd
e 7k gl 9 eHp>0.05).

2. GST-P Y4dHo|4e| FatdHo|HE £

H&E 9 a B delsd wie|sd zhdze) g Al
7ha| 28} 7ot efzk 2w =ed g3 d(vesicular)el
gdoer 17lg 2y Feld d24F slAln glsich
Frapdgale AA iAol #o}l o4 gl
el A el e R 1A xR 3= A
Fae] Mol wel wleo|4£E FrolM Ewe]s(clear
cell focus), E44H L] L(eosinophilic cell
focus) % Z¢4l 2wl A(mixed cell focus)e] 3F
22 JF 4 glslen, o £F ?|&2 ILAR(Insti-
tute of Laboratory Animal Resources)(1980)
Z=A#g et st Tl 7] B e] A (basophilic
cell focus)® HAP T dH Ao} & 4 %k

1) Bedalgeie]se] 74 Q252 & T8 AZ
o] At e g Foldld ola) AFHES 2E 59
glabelgiem PAS % D-PAS 943l 423
el E8F g2 g gR5dn gk HE 1A
27|12 130~180pm =2 24 L4 L3 ]3] A
vbo2kak A qlelel

2) Al Eeo] e MEFgE F4AHER S
Al ddsle P ALY 2 g5 ground glass oF
A5 golzn slzied(Fig 2), AE 1449 =774
150~200 pm AER A4 DA ZHct 23l H2 gl
fa, A2l ML MY =y dUYs Ak 4

Heoeg weo| $YA(5~30 pgm)F FF3tn gtk

3) EgAl o] A Fodd 2] &AM £} AT
23 EAEe] glglen, FakAH E o] o] 4]}
ZE oAz gUAE 2E 3 5 2l

e -8 GET-P #a(sdzhghal)e) ok g7}
5 lgG &4#(v 2813 o|4ga]) = avidin-biotin-
peroxidase complex(ABC)E THdls wbg4(dl
* DABE w47 £ 2zt a7 0.2 mmy
o} & GST-P skddo| = & | ~7 A% ol oftt
Moz salsl glgic. o FE42 Rappaportd
acinus @R ?lees Hu T2 Zone 2(68~88
%iol EEET Qleioer o ooz oLt Folf
482 Zone 1(13~30%)c] *23z ¢, $44
W FH2 Zone Jele= S8 Ag(2~4%)7F skl al]
weith Table 2). 7H-02] GST-P shdwe| £ i
% 4y Zeo vsigolglon wHolas WEF T4E
© AU AHzEe M T vjukd o zhalA 5]
c24 F4 stz dxzsled A7}l s 755
Hevh getAe 8B+ gedckFig 3 & 4). o4
8 FAHHEE ZE oeld A4 A ZAH £ 5 gl
 uhabd sl Egleld & 4daln qlgen, o
2| 27t odejEe s HFAEA el g ol
£ o|F 3 gl .

#H AFB & Foigh a4 g7e HEE 43 2ol
4 o]lo] Newbernes® Wogan''sl 2]#led 7|55 u}
e F44 £971494 £ {hyperplastic basophil-
ic cells)d chxgdoes W3¢ &+ g9 o} (Fig 5),
ool eHgt GST-P 44 7zl F4] 4t

3. GET-P 2-giiole| FHeH AFH

Wl e L4 7S EShed Aol el 0Zmme
=t & GST-P <fduela® ASd oS, =74 4

— 392 —



—eldl 7« 04 Elubg Glatathione 5-Transferase 3rd do) £ —

Fig. 2. Ecsinophilic cell locusiarrows) induced ‘o the rar liver by diethyvini-rosemine and aflatoxic B, Notice
the focus thar stands out clearly aeaisr the adjacent rormal parerchvma.

Fig. 3. Immurohistockamiczl demonstration of SST-P positive fool induzed in the rar tealod with aflatoxic
in dicthylnitrosamine-inltieted liver, (A R0 <40 £ = 100

Fig. 4. Higher magnilicativn of Fig. 3 revealing ¢iffuse sraining of she cvmopiasnt of 198 hepatsoves. (ABC, «
4003

Fig. 5. Hyperplastic area of hasophilic cellslarrowst alserved in the rat liver expmsed 10 alamxn B, korioo
deaply basaphilic cytoplasm with hemnatosvlin staining,
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Table 2. Histopathologic characteristics of GST-P” foci in each experimental group

Group Treatment GST-P* foci(%)
CCF ECF MCF  Acinar Distribution NE NAtp CE Clne
{mg/kg) Z-1 ZI Z-

| DEN + AFB, 0.06 323 3548 6129 3014 6781 200 068 645 100 1075
2 DEN + AFB, 0.012 1.51 758 9091 1875 Ti6E 357 606 606 100 1364
3 DEN + AFB, 0.0024 - 1500 8500 1524 8095 38l — — 100 —
4 DEN + AFE, 0.00048 - 026 9074 1805 T7.78 417 — — 100 —
2 DEN + AFB;: 0.000096 - 392 9608 2131 T705 164 - - 100 -
3] DEN +DGA 100 — 189 9811 Z1.6Y 7833 : - 100 -
7 DEN - 476 9524 1250 8750 - - - 100 —
8 SAL+AFB, 0.06 = - - - - - — — - -
9 SAL+DGA 100 - - - - - - - — -

DEM: Diethylnitrosamine, AFB;; Aflatoxin B, DGA; D-galactosamine, SAL; Saline
CCF: Clear cell foci, ECF: Eosinophilic cell foci, MCF; Mixed cell foci

NE: Nuclear enlargement, N Atp; Nuclear atypism

CE; Cytoplasmic enlargement, Clnc; Cytoplasmic inclusion

Table 3. .meming effect of Aflatoxin B, and D-galactozsamine expressed by number and area of GST-P* foci

Group Trealtment Number G5T-P” foci®
(mg/kg) of rats Mo,/ cm? Areamm’)/em®  Mean diameter(mm)

] DEN + AFE, 0.06 9 15.631L868% 12471 .03** 0372005
2 DEN+AFB, 0.012 9 11.95£522%* 7.67+1 45" 0.37£0.06
3 DEM + AFE, 0.0024 ) 10.78=3.08%** 5B 0, 78" 0.36+0.09
4 DEN + AFB, 0.00048 10 7.34368" 4730 73%=* 0.32+0.05
3 DEN + AFB; 0.000096 11 413%1.80 422+016%* 0.3320.05
B DEN +DiA 100 G b0EL2 62 0BG 0.05%* 0324004
7 DEN 9 3.35X1.01 0371004 05344005
8 SAL+AFB, 0.06 12 ] 0 —

g SAL+DGA 100 13 ] l:l -

fJean+Standard deviation

YSignificantly different from each other group at p<0.01
*Sratistically increased compared to group 7 at p=<0.001(***), 0.0L{**} or 0.05(*).

ol g T oA,
{number/cm®) =

A wetels

cm'® o
HH(arealmm?)/cm’) 22 4F

0.0] or p<000L). =& A H Feto]= cmisd We|i
2 m=]g A ] Felld 12472193, # 2 7ol 767
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2 AFB & 5993 A9 Feld 2 gebels cm™
Hol 2] s ] Fola 1563898, 3 214
11.05+522 = 3Fo4 10.78+3.08, = 4-FolH
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el 2F(3.3521.01 )= vimslE i A5 TS A&
oA ] ~4 FolH Aekd fe3k Friv dgigkp<

+1.45, A3l 585078, A 4FolH 473%
0.73, #5Tel4 422+£0162% DEN ©55Fofd=
T(0370.04)3 ol mf & =, =Fely Adehd w9
i 5 F7HE 2EcHp<0001) gy 2yqlatz
DEN & 5«3}zl gt AFBiot & # 8 FolH=
Ha o] 0Z2mmilet =& GST-P kidwieol4r 2
A4 ez sbalal glaich

DGAE Foi M7l HH Felo|l= emied
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18 F5]e o, 233dg AFB, ®=:=
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Fol ¥ T8 A7t gt Aoz Agksige)
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DGA Fei2 i3 Awastes alnpatAds) ge e
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ol & velva] gislkr o] Zl&te] TR ES ¢
2| &L gl

of Fgkdwe] oA FH Felel=E cm’d
+ % "HAY(mm') & vldegddtd47E Ead A
e dl=F2 vladg FFTable 3), AFB, FodT
o4& DEN sE5Edoz 3o u#f GST-P <k4isl
ol4 8 AH FEol=E cm'y + % w3 RSl 4
hE fFojdl 3o FoE wdozs (p<0.001),
A gbdst ZAdglalz AA9E AAEtn gl
=3 AFB. & zhdlgl gaines 44872 522 o
4 2]EA vd A4 EF LscHFig 6 & 7). el
DEN+ 3 @31 AFBEF Fo§ da2foides 3
i zde] 0.2 mm o 3he] GST-P ak4we] 4k gt
e AL wd =, AFB 2 2 Adgtezye 3t
dhakel]l = ghela] e 53 vigke iz 9ol 24kaly
o] deird ol A7zl LA e 2 Feodi PG 7
whal Al @ 05 el HeE sde £ ok o
2% A2 Wogan®t Newberne'”g < 745514
AFB& *tgel 1.0ppm ¥lE5 4o 2571 4=
28 Bz $5odeke £ g 24959
vlmdhg) 18571 & dHe] EoMe] s sigdile
ol @l 4l £ S(transitional cells)e] &&= gdabel
Az H2E olF2 e} 4la FHAEGE S A
Az g Fodo|or A de A3 F AEEFE
Mol i GAo]dal] EBE witio] vaks =z 3o
A g A FRE 2 e HE e A, AF
Ao 54 A EGE A e e Hawe]t
ohA| & Al A EgF gde] Mz 7hFE
cfed, © oo dye %3 w-HBVA dale
HEV-4& Zh4| 23hF ¢l digk AFB & #4149
- Al4kE] =3 gl

DGAx DEN sl=Fodiz7e wlaf GST-P s
MAejol Lo HH Felol= cmiyd 52 Frhs do| |
tatodd o] gleiM e A 45 FoHE 2=
e 24(p<0.001), FE5EAALE T4 I H Az
£o] gl28 UFsz et

deoz @ AFE Br)sle Ar)glel HA gebfE
o4 AFB.3 DGAS HAwe)4 A& M=
FAHYAA o ANELGFT HAE 4s FFF HEE
22 Ay dAnel vlagess olF FHxglxly zH
H Lol o A=l et g Halg Fart qlc
i s zbEloh

e =

2 754 o ZdskAdE 7lRlz gde  afla-
toxin B.(AFB,)3 4% 734 248 Jehll= D-
galactosamine(DGA)S #Fzlglalz 2] zhddgh £
Al Z o5 T stz Solt-Farber 7Hetfe =g
o7t -7 &) DEN + AFB, £+ DGA+ §¥=2 714
Ale] b oz #3e] el #old by
glutathione S-transferase(GST-P) csk4iuie] g
W AE pEgc

AFBi& A 1~5 #HAH(96 ng/kgte 60 up/
kg *le]g] Fx)el4d DEN chESojdlzFo )
GST-P ok4dwelte dd welel= cmid + 9 o
B RFolH Aoks] faf £F9 FoHE 2Yge s
A(p<0.001) 714k 2h4bgt #1545 Jehiela,
gala e (96 ng/kgte 60 pg/keg Aloleld) HBx
o cfa] o|E4 vl Ao glelel DGA+E DEN
S Fojd 2o wla] GST-P wAdwle]l4s =23
TeelE cm'edt S92 HEls Jehla gggloy o
Hol gloiM e 4uts] fodl 459 Fr15 2alde
M (p<0.001) zkgst Exqlape zpRdlsdc)

o] 4¢] A#HL w]fe] AFB& 2 Adutez e 7}
qhetel 2gila] dve S8 slakg 33t AlEHe g
Fo T ol el o whakelale] ofsle] 9t Zuld
ol et Zhell RGP et dAELAr} gleE
A] ALah e =,

= vlA2 AP slelERPEe ek $4ERE
sl & o DGAE &alclalss 5494w
of HE8Yd o B44F wdFelal 7=},

 n B #

L) Ito N, Tatematsu M, Nakanishi K, et al. The ef-
fects of vavious chemicals on the develofment of
hypertlastic liver nodules in hebpatectomized rafs
freated with N-nitrvosodiethamine or N-2-fluo-
rem Wacetamide. Gann 1980 71 B32-42.

2) T'suda H, Hasegawa E, Imaida K, et al. Modi fuing
botential of thirty-one chemicals om the short lerm
development of gutamy transpeidase-positive
foct in dieth¥nitrosamine-initiated rat [iver. Gann
1984 75: B76-83.

3) Ogiso T, Tatematsu M, Tamano S, et al Com para-
five effects of carcinogens om the induction of fa-
cental glutathione S4ransferase positive liver nod-
ules in a shori-term assay and of he patocellular car-
cinomas in a long-term assay. Toxicol Patho! 1985,
13: 257565,

4) Goldsworthy TL, Hanigan MH, Pitot HC. Models
af hepalocarcinogenesis in the raf: Comtrasts and



—o| s« 4890 efdbd Glutathione S-Transferase oF4 o] £ —

com parisons. CRC Crit Rev Toxicol 1986; 17 61-89.

5) Hasegawa R, Furukawa F, Toyoda K, et al. Study
for tumordnitiating effect of acetaminophen in
two-stage liver carcinogenesis of male F344 rafs.
Carcinogenesis 1988 9 755-59.

6) Ito N, Tsuda H, Tatematsu M, et al. Enhancing
effect of various hepatocarcinogens on induction of
Preneoplastic gutathione S-dransferase Macemtal
form positive foci in rais; An approack for a new
medium-term hioassay sytem. Carcinogenesis 1988
9 387-04.

71 Solt DE, Medline A, Farber E. Rafvd emergence of
carcinogen induced hyperastic lesions in a new
model for fhe sequential analvsis of liver
carcinogenesis. Am [ Pathol 1977 B8 595.6071.

B) Pitot HC, Sirica AE. The stages of initiation and
fromofion in hepalocarcinogenesis. Biockim Bio-
Phys Acta 1880, 605 191-215.

5) Rabes HM. Developmental growth of early prenco-
Mastic lessons induced in the liver by chemical car-
cinogens. [ Cancer Res Clin Oncol 1983 106 85-94.

10) Sato K, Kitahara A, Satoh K, et al. The fNacenta!
form of glutathione S-transferase as mew marker
trotein for premeoplasia in ral chemical hepa-
tocarcimogenesis. Gann 1984, 75: 199-202.

11) Satoh K, Kitahara A, Soma Y, et al. Puri fication,
imduction, and distribution of placental gutathione
tramsferase; A mew marker enzyme for prencoplas-
fic cells in the ral chemical hepatocarcinogenesis,
Proc Nail Acad Sci USA 1985; 82 3964-8.

12) Soma Y, Satoh K, Sato K. Puri fication and subu-
nif-gtructuval and itmmunological charactevization
of five gulathione S-transferases in human [tver,
and the acidic form as ¢ hepalic lumor marker.
Biochim Biopwys Acta 1986, 869 247 -48.

13) Rushmore TH, Farber E. ldenti fication of a char-
acterislic cwoselic polypeftide of rat premeoflastic
he patocste modules as Mlacentfal glulathione S-trans-
ferase. Biochim Biophvs Kes Commun 1687 143
a8-103,

14) Tatematsu M, Tsuda H, Shirai T, et al. Flacental
gutathione S-transferase(GST-P)as a new marker
Jor hepatocarcinogenests; m vive short-term screen -
ing for hepatocarcinogens. Toxtcol Pathol 1987 15
60-8.

15) Sato K. Glutathione S-transferases amd  he pato-
carcinogenesis; A review. Gann 1988, 79 556-T2
16) Wogan GN. Chemical nature and Mological e ffects
of the aflatoxins. Bacterial Rev 1968; 30; 460-70.
IT)Wogan GN, Newberne PM. Dose-respomnse charac-

teristics of aflatoxin B, carcinogenesiz in the ral.
Cancer Res 1967 27 23706,
18)Newberne PM, Wogan GN. Sequenfral morphologic

changes in aflatoxin B carcinogenesis in the raf.
Cancer Res 1968; 28: 770-81.

19) Newberne PM, Butler WH. Acute and chromic ef-
Jects of aflatoxins on the liver of domestic and laho-
Fatory animals, A review. Cancer Res 1969; 29
236-50.

200 Wogan GN, Edwards GS, Newberne PM, Skrue-
fure-activity relationshifs in loxicity amd carci-
nogenicity of aflatoxins and analogs. Cancer Res
1971 31 1936-42.

2l Newherne PM. Experimental hepatocellular car-
cinogenesis. Cancer Res 1976, 36 257 3-8.

ZZ)Neal GE, Cabral JRP. Effect of partial he patectomy
oxt the restonse of ral liver to aflatoxin B. Cancer
Res 1980; 40- 47.39-43.

23)Moore MA, Nakagawa K, Ishikawa T. Selection
fressure and altered he patocelluiar islands after g
single imiection of aflafoxin B, Gann 1988 70
187-94.

24) Beasley RP. Hepatitis B virus; The mapr etiology
af hepatocellular carcimoma. Cancer 1988, 61
194.2.56.

25) Jackson CD. Irving CC. Effects of Z2-acely-
aminoflucrene on liver cell froli feration affer par-
Hal hepatectomy of female rats. Cancer Res 1973
33 397 -401.

26) Pound AW, McGuire L] Repeated partial hepatec-
fomy a5 g fromoling stimulus for carcinogenic
vesponse of liver fo nitrosamines in rais. Br [ Can-
cer 1978 37 585-94.

27) Emmelot P, Scherer E. The first relevant cell stage
in raf liver carcinogenesis; A quantiiative ap-
Proach. Biachim Biophys Acta 1980 805; 247-304.

" 28) Tsuda H, Lee G, Farber E. mduction of resistant

ke patocsites as a mew principle for o possible shori-
ferm in wvive lest for carcinogemesis. Cancer Res
1980, 40: 115764,

29) Farber E. The sequential analyvsis of liver cancer
imduction. Biockim Biophys Acta 1980; 605 140-
a6,

30} Reutter W, Decker K. Giucosaminstoffwechsel bei
der Aminonucleosid-Ne phrose der Ratte. 7 Kliin
Chem 1965, 4: 174-8,

31) Keppler D, Lesch R, Reutter W, et al. Experimen-
dal hepatifis induced by D-galactosamine. Exp Mol
Fathol 1968 9 279-90.

320 Decker K, Keppler D. Galactosamine induced lfver
impry. Ino Popper H, Fenton 5. eds. Progress in
iver diseases. New York & London, Grune & Strat-
tom, 197 2; 183-99,

33) Shinozuka H, Farber JL, Konishi Y, et al. D-galac-
tosgmine and acute [fver cell immry. Federation
Proc 1973, 32- 1516-26.

— 397 —



— o ghed 2 &b s =) - 4 28 9 A4 E 1904

34) Tsuda H, Masui T, lkawa E, et al. Com pared pro-
moting pofential of D-galactosamine, carbon letra-
chloride and partial hepatectomy in rafd induc-
tion of premeoflastic liver lesions in the vat. Cancer
Lett 1987, 37, 163-F1.

35) Higgins GM, Anderson BM. Experimenial patholo-
gy of the liver; Restoration of the liver of the while
rat following partial surgcal vemoval. Arch Pathol
1932 12 186-202.

36) Hau SM, Raine L, Fanger H. Use of avidin -biofin-
peroxidase compext ABC) in immunoferoxdase
technigques;, A comparison between ABC and wunla-
helled antibody PAP  procedures. J Histochem
Cytochem 1981 29: 577-80.

37) Habig WH, Pabst M], Fleischner G, et al The
identity of pglutathione S-tramsferase B with
ligandin, @ maxpr binding frolein of liver. Proc
Natl Acad Sct USA 1974, 71 38F9-82.

38) Habig WH, Pabst M], Jakoby WB. Glutathione 5-
tramsferases; The first enzymatic e in mercafu-
ric acid formation. | Biol Chem 1974; 249 7130-
a9,

38) Mannervik D. The 1sozwmes of gulathione fransfer-
ase, Adv Enzymol 1985; 57 357417

40) Hendrich 5, Pitot HC. Enzymes of gutathione me-
tabolism as biochemical markers during hepalo-
carcinogenesis. Cancer and Melasiasis Reviews
1987 6: 155-78.

41) Butler WH. Acute toxicity of aflatoxin By in rals.
Brit [Cancer 1964 18- 75662,

42) Kim Y1 Demonstration of clear cell foci in human
Hver, Amalvas of 250 resected hepatocellular carci-
womas|Un published datal

43} Anthony PP, Vogel CL, Barker LF. Liver cell dys-
fasia; A fremaligant condifion. | Clin FPathol
1973 25: 217-23.

— 398 —



